Abstract: Two different types of polymer-modified mortars(PMM) were prepared with recycled PET and fly-ash. One is rigid PMM and the other is flexible PMM which are based on the composition of recycled PET. Their mechanical properties including friction coefficient measurement and damping characteristics such as sound absorption were investigated and compared with the commercial PMM such as epoxy PMM and PET PMM. The result from mechanical properties indicated that the rigid PMM could be competitive with the commercial PET PMM. The measurement of sound absorption coefficient showed that both rigid PMM and flexible PMM had much better damping capacity than commercial PMM. However, the friction coefficient of rigid PMM revealed that it would be suitable for the use as floor material.
Introduction
Recently the research and development of polymer-modified mortar (PMM) has been focused on the utilization of recycling materials. [1] [2] [3] PMM has several advantages in comparison with Portland cement mortar. They are the short curing time, high bond strength, high modulus, good thermal stability, and other advantages. Generally the polymer mortar consists of sand, filler and polymeric additives such as latexes, polymer powders, water-soluble polymers, liquid resins, and monomers. As polymeric additives there are SB rubber, polyacrylic ester latex, epoxy, polyester, methyl methacrylate, methyl cellulose, and etc. However, the unsaturated polyester and epoxy resins have been widely used as polymer mortars.
Especially the unsaturated polyester has been known as an excellent polymer mortar for the construction materials due to its rapid setting, high bond strength, and good durability including water resistance, chemical resistance, abrasion resistance, and thermal resistance in comparison with those of latex-modified systems. [4] [5] [6] Moreover, the unsaturated polyester can be recycled to reduce the environmental problems and it has another functional advantage such as sound absorption behavior.
As a recycling system for the PET three different systems have been reported (2010년 3월 25일 접수, 2010년 4월 16일 수정, 2010년 5월 5일 채택) Polymer(Korea), Vol. 34, No. 5, 2010 system also has three different methods: (1) Hydrolysis uses water to produce monomer or oligomer with recycled PET, (2) Glycolysis uses the glycol, such as ethylene glycol (EG), propylene glycol (PG), neopentyl glycol (NPG), (3) Methanolysis uses methanol. Methanolysis and hydrolysis normally are used to produce monomers while the glycolysis is used to make unsaturated PET, polyurethane foam, and etc. In this study we used the glycolysis to produce unsaturated PET, which is a more suitable method to prepare PMM.
We also used fly-ash as filler in the PMM in order to replace more common fillers like quartz flour. Fillers are used in the production of PMM not only to reduce the cost of the material, but to improve its dimensional stability. However, recent studies have reported that fly-ash has an excellent compatibility with polymers such as polyolefins, nylon 6.6, epoxy, and polyurethane resins and poly(vinyl chloride). Fly-ash also has numerous advantages over quartz flour such as low density, strong filling ability, excellent fluidity, and good processibility of the filled materials. 8 Moreover, because flyash is a by-product of coal combustion, the cost of flyash is very low. However, we expect that the fly-ash may contribute to the sound absorption characteristic of PMM based on recycled PET because of its various size fraction and its ability to give compactness.
In this study we prepared PMM with recycled PET and fly-ash, and characterized it in terms of mechanical properties and sound absorption property. Comparison with commercial PMM such as epoxy mortar(PMM-EP, Sikadur30, Sika Korea Co.) and polyester mortar(PMM-PET, Tecroc, U. K.) will be also discussed in detail.
Experimental
Materials. The recycled PET was prepared from PET mineral water bottles. As a glycolysis solvent styrene monomer (Aldrich) was used. To prepare unsaturated polyester resin, diethylene glycol(Gana Chemical) and unsaturated diacids such as maleic anhydride(Gana Chemical) and phthalic anhydride(Junsei) ware used without further purification. Table   1 shows the composition of the unsaturated polyester resins.
We prepared two different types of resins which are flexible resin (FR) and rigid resin (RR). Table 2 shows the composition of fly-ash (Boryung E&C) used in this study. We used fly-ash which was passed through 10 mesh sieve in order to get the homogeneous size distribution of fly-ash.
Preparation of PMM (Glycolysis). FR can be prepared by the melting of recycled PET mixed with diethylene glycol, maleic anhydride, and phthalic anhydride in a round bottomed flask under N 2 gas at 220 ℃ for 3 to 4 hrs. Afterwards the completely melted resin is cooled down to 40∼50 ℃, and finally the styrene monomer is added as a solvent.
The PMM-FR was prepared by the mixing 60 wt% of melted FR and 40 wt% of filler(fly-ash/sand＝1/1 wt%/wt%).
We used a mold (L×W×H; 80 mm×40 mm×30 mm) to prepare the sample, and 7 days curing at the ambient temperature in order to obtain enough strength in the samples.
However, since the curing starts in a few minutes we had to be cautious not to make bubbles during the preparation of sample because bubbles directly affect the mechanical strength.
In the case of RR the melting of recycled PET is carried out at 190 ℃ for 5 hrs. The styrene monomer is added at the temperature of 110∼120 ℃. The procedure to make PMM-RR was the same as the PMM-FR preparation method. When the resins were cured it was easily recognized that RR was harder than FR.
Mechanical Characteristics. In this study KS F2405 11 (ASTM C1439) was used to measure the compressive strength. The samples were cured for 7 days before the measurement of compressive strength and an average of 7 measurements was obtained. We used universal testing machine(Instron 4202) to measure the tensile strength according to ASTM D638.
In the case of measurement of the friction coefficient out there was no specific regulation. We used the KS F2429 12 which is the measurement of abrasion resistance for the concrete. In this study the ball on plate sliding equipment for the measurement of friction coefficient was used. The ceramic ball (3/10 inch) was used as a reference and the sliding speed of 134 rpm and 3.5 mm stroke of the equipment was fixed to each 100 g sample. 
Results and Discussion

Mechanical Properties(Compressive Strength and Tensile
Strength). Table 3 It reveals that PMM-FR and PMM-RR show the relatively high friction coefficient, indicating that they are able to be a substitute for the commercial PMM. However, the result of friction coefficient shows that PMM-FR and PMM-RR will be better for using of a floor material which agrees well with their mechanical characteristics.
Sound Absorption Characteristics. The sound absorption coefficients of various PMM are summarized in Figure 2 . It was revealed that the PMM-EP did not have any sound absorption property indicating that epoxy in the PMM-EP was used as a binder only. However, PMM-PET showed good sound absorption property, especially at the high frequency. This is due to the excellent acoustic characteristic of PET, which has been known as an excellent sound absorption material. 13 When PET was manufactured to the fiber it was found that the sound absorption coefficient improved up to 20-30% than glass fiber. However, it was also reported that the density of material with PET played an important role to enhance the sound absorption coefficient. It was generally known that PET with high density had a high sound absorption coefficient. 14 As seen in Figure 2 , both PMM-FR and PMM-RR showed better sound absorption property in the all frequencies than that of commercial PMM. This is attributed to the fly-ash which is mostly infiltrated by a great deal of polymer matrix and has good interfacial adhesion with the matrix, resulting in the high density of PMM. It was reported that the damping mechanisms include not only the contribution of matrix viscoelasticity, but also grain boundary sliding (filler/filler) and interfacial sliding (filler/matrix) friction. 15 The composite filled with fly-ash has many contributions coming from friction loss and hollow structure, which may remarkably increase the sound absorption capacity. However, for the PMM filled with fly-ash, which also has an excellent damping capacity, the hollow structure is rare. So it can be concluded that in the case of PMM filled with fly-ash a frictional loss affects the sound absorption capacity more than the matrix viscoelasticity. The results from NRC also show that PMM filled with fly-ash has better sound absorption capacity than the commercial PMM, and they agree very well with the results from the sound absorption coefficient. 
Conclusions
